In this study we compared the recently commercialized electron microscopy embedding resin Unicryl with the wellknown resin Lowicryl K4M with regard to morphological and immunohistochemical preservation properties. The standard embedding procedure recommended by the manufacturer for the use of Unicryl resulted in considerable morphological alterations of the tissue, with the appearance of large gaps in and between the cells of the examined tissue. Morphometric analysis pointed to a swelling of the extracellular matrix as the main cause for these morphological artifacts. A slight modification in the protocol to correct this artifact is
Introduction
Embedding media for electron microscopy can be divided into two main categories: nonpolar or hydrophobic resins, used for their excellent cutting properties and thorough preservation of fine structural detail, and polar or hydrophilic resins. The latter provide a better preservation of antigen epitopes owing to minimized denaturation of proteins, making them ideal candidates for immunohistochemical work (6, 13) . The fact that the use of these polar resins in combination with low-glutaraldehyde fixation results in "inferior" structural preservation of the cytological detail is a generally accepted drawback (3,ll) . Moreover, many solvents used in the preparation of the histological material adversely affect the antigenicity and the protein preservation (1) . From previous studies it is known that many of the deleterious effects of these solvents can be counteracted by infiltrating at lower temperature (llJ4).
For immunoelectron microscopic investigations, the most widely used polar resin is Lowicryl K4M. Lowicryl is composed of polar proposed and tested. Immunohistochemically, tissue embedded in Uniayl resulted in a significantly stronger immunogold labeling than identical tissue embedded in Lowicryl K4M. From the results of this technical study, it can be conduded that Unicryl embedding is a valuable new tool to supplement the available techniques for immunoelectron microscopic studies. (JHistochem Cyrochem 44~4348, 19%) KEY WORDS: Immunoelectron microscopy; Lowicryl K4M; Unicryl; Immunogold; Ultrastructure.
acrylates and methacrylates and has the ability to infiltrate tissues at very low temperatures, to produce good structural images, and to better retain antigenicity compared to Epon (2) .
A new hydrophilic resin mixture with low molecular weight components was recently described by Scala et al. (12) . They relate the low molecular weight of the components with a high diffusion rate, which would shorten the infiltration procedure and yield a more homogeneous sample infiltration, resulting in better fine-structural preservation compared with Lowicryl K4M. The resin combination described by Scala et al. (12) was recently commercialized under the trademark name Unicryl.
We describe here the comparison of the latter resin with Lowicryl K4M on the basis of morphological structural preservation and maintenance of antigenic properties. To compare morphology, kidney tissue from mice and liver tissue from hamsters, both infected with the trematode parasite Schirtosoma mansoni, was used. Two different species and two different organs were selected to eliminate the risk of species-and/or organ-specific artifacts. The selected animals and organs were chosen on the basis of availability for ongoing research. The immunohistochemical part of the study was performed on S. mansoniadult worms, using amonoclonal antibody (MAb) that reacts with the excretory system of S. mansoni (4, 5) .
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Materials and Methods
Tissue Preparation
Animal Tissue. Swiss mice and golden hamsters, both infected with S. mansonicercariae 7 weeks before the experiment, were anesthetized with pentobarbital and perfusion-fixed with a 4% paraformaldehyde solution in phosphate buffer (0.2 M, p H 7.2) containing 0.2% glutaraldehyde. After perfusion, cubes of liver and kidney tissue (1 mm3) were immersionfixed in the same fixative for 2 hr at 4'C. After fixation the tissue blocks were rinsed three times for 10 min in phosphate buffer and dehydrated in a graded ethanol series (30, 50, 75, 90, and 2 x 100% ethanol in water) at 4°C (30% and 50%) and at -2O'C (75, 90, and 2 x 100%) for 15 min per step. After the dehydration procedure the tissue was divided into three parts. The first part was further processed for Lowicryl K4M (Polysciences; Eppelheim, Germany) embedding, the second for Unicryl (British Biocell International; Cardiff, UK) embedding using the standard procedure, and the third part for Unicryl embedding using a modified embedding procedure described below.
Worm Tissue. Adult S. nansonzworms were collected from an S. mansonz-infected golden hamster infected 7 weeks before perfusion. Worms were fived using immersion in 4% paraformaldehyde solution in phosphate buffer (0.2 M, pH 7.2) containing 0.2% glutaraldehyde for 2 hr at 4'C. After fixation the worms were rinsed three times for 10 min in phosphate buffer and dehydrated in a graded ethanol series (30, 50, 75, 90, and 2 x 100% ethanol in water) at 4'C (30% and 50%) and at -20°C (75, 90, and 2 x 100%) for 15 min per step. After the dehydration procedure the worms were divided into two parts. One was further processed for Lowicryl K4M embedding and the other for Unicryl embedding using the standard procedure.
Em bedding
Lowicryl K4M. The specimens for Lowicryl K4M embedding (kidney, liver, and worms) were further processed according to the guidelines provided by the manufacturer. In short, tissue was infiltrated using a mixture of Lowicryl K4M with ethanol 1:2 for 30 min, followed by 2:l for 30 min, and finally two infiltrations of 30 min and one overnight infiltration in pure Lowicryl K4M. All infiltrations were done at -20°C. After infiltration, tissue was polymerized at -2O'C using Philips LTD 15W/OS lamps (Philips; Eindhoven, The Netherlands) for 3 days.
Unicql (Standard Procedure). The specimens (kidney, liver, and worms) were further processed according to the guidelines provided by the manufacturer. In short, tissue was brought immediately from 100% ethanol to pure resin for an infiltration period of 60 min and one infiltration overnight in fresh pure resin. All infiltrations were done at -2O'C. After infiltration, tissue was polymerized at -2O'C using Philips LTD 15W/05 lamps for 4 days, followed by a final curing period of 7 days of 4°C.
Unicryl (ModiF~ed Procedure). The specimens (kidney and liver) were infiltrated in a mixture of Unicryl and ethanol 1:2 and 2:1, both for 30 min. followed by a 60-min infiltration and an overnight infiltration in pure resin. All infiltrations were done at -2o'C. After infiltration, tissue was polymerized at -20°C using Philips LTD 15W/05 lamps for 4 days, followed by a final curing period of 7 days at 4'C.
Monoclonal Antibody Preparation
The MAb was prepared as described elsewhere (9) . In short, spleen cells of S. mansoni-infected BALB/c mice were fused with SP2/0 mouse myeloma cells. The hybridoma cell supernatants were tested by an indirect immunofluorescence assay on cryostat liver sections of S. mansoni-infected ham-sters. Cells with the desired specificity were cloned by limiting dilutions producing the 114-5B1-A MAb. This MAb was protein A-purified from ascites fluid and stored at a concentration of 1.6 mg IgGl/ml. Previous immunohistochemical experiments have localized the epitopes for this MAb to the flagella of the flame cells of the excretory system in adult S. mansonz worms (4), and immunological studies have shown the carbohydrate nature of the epitope recognized by this MAb (9) .
Post-em bedding Im munogold Procedure
Ultra-thin sections of the embedded tissue were made using a glass knife and sections were collected on Formvar-coated nickel grids. The grids were pre-incubated for 30 min on 2O-pI drops of Tris-buffered saline (TBS; 0.05 M, pH 7.6) containing 20% normal goat serum (Dako; Glostrup, Denmark). After this pre-incubation, the grids were placed on 20-pl drops with the 114-5Bl-A MAb diluted 1:25 and incubated overnight in a humid chamber at room temperature (RT). The grids were washed with TBS and incubated for 6 hr with a 10-nm gold-labeled goat anti-mouse MAb (AuroProbe; Amersham International, Slough, UK) diluted 1:40 at RT. In control experiments the primary antibody was replaced by normal mouse serum (Dako) diluted 1:25 or by a nonrelated mouse MAb specific for human neuron-specific enolase (Clone BBS/NC/VI-H14, code M873; Dako) diluted 1:400. Finally, the sections were rinsed with distilled water, stained with uranyl acetate and Reynold's lead citrate (5 min each), and examined using a Philips CMlO electron microscope.
Quantitation of Gold Label
To estimate the labeling intensity, the number of gold particles was counted on micrographs (10) . To estimate the surface area, a point-counting algorithm was used according to Griffith (7) . In short, the total number of gold particles was counted on a number of micrographs of the excretory system of the adult S. mansonr worm. To evaluate the total area of tissue in the micrographs, a randomly placed point grid was used to count the number of points hitting the structure of interest. The density of gold particles per area of profile was calculated by the formula:
where Q is the number of gold particles, P is the number of points hitting the structure of interest, and d is distance between the test lines (in pm). Gold particles were counted on a total area of 10 pm2 of tissue of the excretory system in both groups and results are expressed as mean partic l e s /~* SEM.
Morphometric Evaluation of Tissue
To assess the nature of the morphological alterations found in the different embedding media, two different morphometric measurements were performed.
First, to evaluate possible shrinkage or swelling of organelles, the mean volume of mitochondria was established using point-sampled intercepts (8) . In short, a point grid was randomly placed on top of the micrograph. The points hitting a mitochondrion were selected on the screen of a specifically equipped computer software system (Stereology; Kinetic Imaging, Liverpool, UK). The software randomly draws a line through the manually selected point on a mitochondrion. The operator marks the intersections of the line with the boundaries of the organelle, creating a point-sampled intercept. This process was repeated 50-100 times per case, after which a mean mitochondrial volume could be evaluated from the formula: 
where MMV is mean mitochondrial volume and 1 the length of the intercept. To assess the shrinkage or swelling at the cellular and intercellular level, the mean transection area of the proximal tubule of the kidney was measured. This part was performed on a Vidas Image Analysis system (Kontron Electronic) by manual selection of tubuli on a toluidine blue-stained semi-thin section using a x 40 lens mounted on a Zeiss Axiolab light mi-
croscope. The mean area is calculated and expressed as pmZ * SEM.
Results and Discussion
Use of the standard embedding procedure for Unicryl, as described by the manufacturer, resulted in considerable morphological alterations in the mouse kidney as well as in the hamster hepatocytes (Figures la and If) . Between the tubule cells large gaps became apparent, which were not present in the Lowicryl sections (data not shown). The organelles were clearly visible and the contrast was very strong, possibly due to shrinkage and hence concentration of the cytoplasm, swelling of the intercellular spaces and intercellular matrix (see the thickness of the basal membrane in Figure la vs Figure lb, asterisk) , with concomitant squeezing of the tubule cell or due to a difference in the affinity of the plastic-embedded tissue to the heavy metals in the post-embedding staining procedure. When the infiltration procedure was modified to make the shift from ethanol to resin more gradual, the intercellular spaces disappeared and the tissue showed an architecture comparable with that of the Lowicryl-embedded tissue ( Figure Ib) . The intracellular detail remained clearly visible, although the contrast diminished. The quality of the morphological preservation could be evaluated by comparing various organelles. The mitochondrial architecture (e.g., cristae) could be clearly observed in both procedures (Figure la Figure Id ) and the Lowicryl embedding (Figure le) on the brush borders of the tubule cells, the morphological preservation was very similar, with a slightly better quality for the Lowicryl K4M-embedded material. The preservation of the hamster hepatocyte followed the same trend. The standard procedure of Unicryl embedding ( Figure If) showed a circular gap around the nucleus (arrows). The intracellular detail was clearly poorer and the mitochondrial architecture and the fine details of the rough endoplasmic reticulum were less well-preserved (data not shown).
In the modified Unicryl procedure ( Figure Ig) and in the Lowicryl procedure ( Figure Ih) , the circular gap around the nucleus was not present (arrows). The fine structural detail of the intracellular organelles, mitochondria as well as rough endoplasmic reticulum, showed very good morphological preservation, which was similar with both media.
To objectively evaluate the morphological alterations, two morphometric tests were performed. To assess possible shrinkage of the various organelles, the mean mitochondrial volume (MMV) in the three experimental groups was measured ( Figure Za) . The MMV in the standard Unicryl group was less than in the Lowicryl group, offering a possible explanation for the high contrast in the first group. Mote surprisingly, this trend was further enhanced in the modified procedure, leading to even smaller mitochondria. Possible cell swelling was evaluated using the mean transection area of the proximal tubule of the mouse kidney (Figure 2b) . The standard Unicryl procedure led to a nonsignificant rise in the mean area and thus a possible swelling of the kidney tubule. The latter morphometric result, although not significant with the present number of experiments, could provide a hypothetical explanation for the intercellular and even for the intracellular gaps observed in this study. The modification of the embedding procedure slightly reduced the tubule cross-sectional area.
In later experiments the improved protocol was consistently used for all immunocytochemical work, resulting in reproducibly strong immunolabeling combined with good structural conservation. When postembedding immunohistochemical experiments were compared using embedded S. mansoni worms, the morphological detail was slightly superior for Lowicryl K4M-embedded tissue, but the intensity of labeling was much more pronounced in the Unicryl group (Figures 3a and 3c 3b and 3d). Counting the gold particles on a similar region of interest in the Unicryl-and in the Lowicryl K4M-embedded tissue led to Figure 4 , showing a fivefold stronger labeling in the first resin. The fixation and dehydration procedure for the two latter experiments was exactly the same up to the infiltration with resin (see Materials and Methods). The primary MAb and all the steps and dilutions in the further postembedded procedure were identical. From this technical experimental study, we conclude that Unicryl embedding using a slightly modified protocol of resin infiltration provides a very valuable new technique to supplement the available embedding techniques. The semiquantitative results from this study must be interpreted with the knowledge that the epitope to which the MAb is reacting is of a carbohydrate nature. In extrapolating these results to other immunohistochemical reactions and epitopes (e.g., protein-containing epitopes. neuropeptides), the resistance of these epitopes to the new embedding medium 250 -BOGERS, NIBBELING, DEELDER, VAN MARCK --r-- must be evaluated. The use of this new tool can be especially valuable in situations or tissues where the expected antigen concentrations are low. The resistance of the epitope to the fixation or embedding procedure can also be evaluated on semi-thin sections using light microscopy. For those epitopes resistant to the fixationlembedding procedure, Unicryl can provide an alternative to other lowtemperature embedding procedures or even to ultracryomicrotomy.
